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I .  INTRODUCTION 

The l i t e r a t u r e  i s  ambiyuous regard ing  t h e  r e a c t i o n  produc ts  ob ta ined when 
t e t r a l i n  and hydrogen are  reac ted  above 425OC i n  t h e  presence o f  a c a t a l y s t .  Yen e t  
a l .  (1 )  r e p o r t e d  t h a t  t e t r a l i n  d i s p r o p o r t i o n a t i o n  occurs, a t  4 5 5 O C .  and naphthalene 
and o n l y  one o f  t h e  d e c a l i h  isomers are  formed. They a l s o  r e p o r t e d  t h e  presence o f  
an u n i d e n t i f i e d  product.  Hooper e t  a l .  (Z), w i t h  t h e  a i d  o f  recent  advances i n  
chromatographic ana lys is ,  suygested t h a t  t h e  compound i d e n t i f i e d  as a d e c a l i n  isomer 

occur.  However, they  d i d  n o t  analyze any a c t u a l  p roduc ts  f rom c a t a l y t i c  
hydro t rea tment  o f  t e t r a l i n .  

I n  t h i s  r e p o r t ,  yas chromatoyraphic analyses o f  t h e  produc ts  f rom c a t a l y t i c  
I dehydroyenat ion o f  t e t r a l i n  a t  45U°C are  presented. These analyses served as t h e  

, c o u l d  be methyl indan and at tempted t o  show t h a t  t e t r a l i n  d i s p r o p o r t i o n a t i o n  d i d  n o t  

b a s e l i n e  f o r  comparison o f  r e a c t i o n s  i n  which d ibenzy l  was added t o  p r o v i d e  a source 
o f  f r e e  r a d i c a l s  s i m i l a r  t o  those produced d u r i n y  t h e  i n i t i a l  s tayes  o f  c o a l  
1 i q u e f a c t i o n .  

11. EXPERIMENTAL 

The experiments were c a r r i e d  o u t  i n  a t u b i n y  bomb m i c r o r e a c t o r  cons t ruc ted  f rom 

The o t h e r  end was connected 
a s i x  i n c h  l e n y t h  o f  316 seamless s t a i n l e s s  s t e e l ,  1/2- inch 0.U. tub iny .  One end o f  
t h e  m i c r o r e a c t o r  was sealed w i t h  a l / Z - i n c h  Gyrolok cap. 
t o  a 3 and l / $ - i n c h  l e n y t h  o f  31b seamless s t a i n l e s s  s tee l ,  1/4- inch U.U., t u b i n y  
w i t h  a Gyrolok reducing union. 
o t h e r  end o f  the  1 /4 - inch  O.U. tub ing .  

f l u i d i z e d  sand ba th  which was equipped w i t h  a temperature c o n t r o l l e r  and a 
thermocouple f o r  m o n i t o r i n y  t h e  temperature.  
v e r t i c a l  p lane w i t h  a 1 and l / Z - i n c h  s t roke .  
shown ( 3 )  t o  reduce mass t r a n s f e r  e f f e c t s  i n  t h e  mic roreac tor .  Two s t e e l  b a l l  
a g i t a t o r s  o f  l / t l - i n c h  diameter were a l s o  added t o  t h e  m i c r o r e a c t o r  t o  ensure good 
end-to-end mix ing  d u r i n y  r e a c t i o n .  

( 2 0 - 2 ! ~ ~ C )  t o  s top t h e  reac t ion .  
c o l l e c t e d  i n  a v i a l .  

A Nupro f i n e  meter iny  v a l v e  was connected t o  t h e  

The r e a c t i o n  temperature was main ta ined by immersiny t h e  m i c r o r e a c t o r  i n  a 

The m i c r o r e a c t o r  was a g i t a t e d  i n  a 
An a g i t a t i o n  r a t e  o f  860 rpm has been 

I 
A t  t h e  end o f  t h e  d e s i r e d  r e a c t i o n  t ime, t h e  m i c r o r e a c t o r  was quenched i n  water  

The m i c r o r e a c t o r  was then vented and i t s  con ten ts  

The r e a c t i o n  produc ts  were analyzed u s i n y  a Var ian 3700 yas chromatoyraph 
equipped w i t h  a CDS-111 i n t e g r a t o r .  
0.314 
a s s i s t  i n  t h e  i d e n t i f i c a t i o n  o f  t h e  r e a c t i o n  products,  some o f  t h e  samples were 
ana lyzed w i t h  a yas chromatography-mass spectroscopy (GCMS) u n i t .  A capi  11 a r y  column 

Separat ion was accomplished w i t h  a 6O-meter, 
I.D., fused s i l i c a  c a p i l l a r y  column w i t h  a UB-5 bonded phase (0.25 m). To 
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was used f o r  separa t i on  o f  t h e  products .  
experiments were then i d e n t i f i e d  by comparison o f  t h e  chromatoyrams w i t h  t h e  
chromatograms of t he  samples analyzed w i t h  LiCMS. 

The composi t ion o f  t he  o the r  r e a c t i o n  

111. RESULTS AND UISCUSSIUN 

Three r e a c t i o n  parameters were chosen f o r  man ipu la t i on  t o  i n v e s t i g a t e  t h e  
t e t r a l i n - h y d r o y e n  r e a c t i o n  a t  a r e l a t i v e l y  h i g h  temperature (45OOC). These 
parameters were: 

(1 )  a d d i t i o n  o f  d ibenzy l  as a f r e e  r a d i c a l  p recu rso r  
( 2 )  c a t a l y s t  a d d i t i o n  
(3 )  a d d i t i o n  o f  gaseous hydrogen 

Dibenzyl was se lec ted  as t h e  f r e e  r a d i c a l  preciirqnr, Dihenzyl cle.ves z t  ccs! 
l i q u e f a c t i o n  c o n d i t i o n s ,  producing benzyl f r e e  rad i ca l s .  The pr imary r e a c t i o n  o f  
d ibenzy l  i s  assumed t o  be thermal  c rack ing  fo l l owed  by s t a b i l i z a t i o n  o f  the benzyl 
f r e e  rad i ca l s .  Cronauer e t  a l .  (4)  observed no i nc rease  i n  t h e  r a t e  o f  d ibenzy l  
convers ion w i t h  the a d d i t i o n  o f  c a t a l y s t s .  

Table 1 presents  the  response o f  t he  product  d i s t r i b u t i o n  t o  t h e  a d d i t i o n  o f  
d ibenzy l ,  and hence, t h e  presence o f  f r e e  r a d i c a l s .  The p r i n c i p a l  products  o f  the 
dibenzyl-tetralin-hydroyen r e a c t i o n  were benzene, to luene,  methyl indan, and 
naphthalene. Very sma l l  amounts o f  e t h y l  benzene, b u t y l  benzene, and t rans -deca l i n  
were found i n  some experiments. Traces o f  c i s - d e c a l i n  and s t i l b e n e  were a l s o  
detected. 

With t h e  a d d i t i o n  o f  d ibenzy l ,  t h e  w s t  s i g n i f i c a n t  r e s u l t  was an increase i n  
t h e  format ion o f  methy l  indan, t h e  isomer of t e t r a l i n .  Approx imate ly  twenty percent 
o f  t h e  t e t r a l i n  was i somer i zed  w i t h  t h e  a d d i t i o n  o f  d ibenzy l ,  bo th  w i t h  and wi thout  
c a t a l y s t .  Cronauer e t  a l .  (5)  and McNeil e t  a l .  ( 6 )  have a l s o  repo r ted  an increase 
i n  t h e  i s o m e r i z a t i o n  o f  t e t r a l i n  w i t h  the  a d d i t i o n  o f  d ibenzy l .  

observed (i.e., 5.7 wt% and 7.9 wt% methyl indan was formed w i t h  and w i thou t  c a t a l y s t  
present, r e s p e c t i v e l y ) .  
as low as 350°C i n  a n i t r o g e n  atmosphere (2 ) .  Penninger and Slotboom (7,8) heated 
t e t r a l i n  w i t h  hydrogen i n  t h e  absence o f  c a t a l y s t  a t  pressures o f  10 t o  100 atm and 
temperatures of  460 t o  56UOC. Methyl indan was repo r ted  among t h e  p r i n c i p a l  
products. 
t h e  hydrogen atoms ( i  .e. f r e e  r a d i c a l s )  t o  i n i t i a t e  t h e  i s o m e r i z a t i o n  react ion.  

Even when t h e r e  was no d ibenzy l  present, some i s o m e r i z a t i o n  o f  t e t r a l i n  was 

I s o m e r i z a t i o n  o f  t e t r a l i n  has been repo r ted  a t  temperatures 

They proposed t h a t  t h e  dehydrogenation o f  t e t r a l i n  t o  naphthalene provided 

The fo rma t ion  o f  benzyl f r e e  r a d i c a l s  f rom d ibenzy l  i s  a thermal  process. 

verted; i n s t e a d  i t  was f e l t  t h a t  i t s  a d d i t i o n  would a l t e r  t h e  product  d i s t r i b u t i o n ,  
i .e., main ly  t h e  r e l a t i v e  amounts o f  t e t r a l i n  i s o m e r i z a t i o n  and dehydrogenation 
products .  
s l i g h t l y  w i t h  t h e  a d d i t i o n  o f  p r e s u l f i d e d  CoMo/Al203 c a t a l y s t .  
t e t r a l i n  dehydrogenat ion t o  f rom naphthalene increased s i g n i f i c a n t l y  w i t h  t h e  addi- 
t i o n  o f  c a t a l y s t .  T h i s  i nc rease  was even more pronounced when nn dihenzy! was added; 
t h e  amount o f  naphthalene fo rma t ion  increased from 1.3 wt% t o  13.0 w t %  w i t h  t h e  addi- 
t i o n  of c a t a l y s t .  When d ibenzy l  was present ,  t he  amount o f  naphthalene format ion 
increased o n l y  from 6.6 w t %  t o  9.8 wt% w i t h  t h e  a d d i t i o n  o f  c a t a l y s t .  

was observed, and t h a t  was when c a t a l y s t  was present .  
c i s - d e c a l i n  was observed i n  any o f  t h e  products  analyzed. 

Thus, t he  use o f  c a t a l y s t s  was n o t  in tended t o  change t h e  amount o f  d ibenzy l  con- ', 
The r a t e  of f o rma t ion  o f  t h e  t e t r a l i n  isomer, methyl indan, changed 

However, t h e  r a t e  of 
L 

\ 

For the  product  analyses y iven i n  Table 1, on ly  a small  amount o f  t rans-decal in  
No s i g n i f i c a n t  amount o f  

For t h e  r e a c t i o n  
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COnditiOnS used here  then (4SUoC, etc.),  c a t a l y s t  a d d i t i o n  caused an i n c r e a s e  i n  t h e  
r a t e  o f  dehydrogenat ion o f  the  t e t r a l i n  r a t h e r  than an inc rease i n  t h a t  o f  
hydroyenat ion.  

hydroyen. Vernon (9)  has shown t h a t  mo lecu la r  hydrogen can r e a c t  d i r e c t l y  w i t h  t h e  
benzyl  f r e e  r a d i c a l  t o  y i e l d  to luene. Shah and Cronauer (10) .  however, have 
demonstrated t h a t  t h e  benzyl  f r e e  r a d i c a l s  have a d i s t i n c t  p re fe rence f o r  combined 
hydrogen over mo lecu la r  hydroyen under r e a c t i o n  c o n d i t i o n s  s i m i l a r  t o  t h o s e  used i n  
t h i s  work. They r e p o r t e d  t h a t  t h i s  p re fe rence i s  enhanced i f  t h e  concent ra t ion  o f  
t!ydroaromatics i s  hiyh.  The molecu la r  hydrogen was b e l i e v e d  t o  p r o v i d e  hydrogen f o r  

I n  t h i s  work, t e t r a l i n  serves 
as t h e  hydrogen donor, and a pr imary  o b j e c t i v e  o f  t h e  study was t o  e v a l u a t e  t h e  
response o f  the  rehydroyenat ion  r a t e  o f  t h e  t e t r a l i n  versus t h a t  o f  i s o m e r i z a t i o n  t o  
t h e  a d d i t i o n  o f  yaseous hydroyen. 

a hydroyen atmosphere (800 p s i y  
a t  room temperature) and an i n e r t  n i t r o y e n  atmosphere (3UU p s i y  a t  room tempera ture) .  
The produc t  d i s t r i b u t i o n s  f o r  each case a r e  presented i n  Table 2. The convers ion  o f  
d ibenzy l  was approx imate ly  t h e  same i n  each case. 
t e t r a l i n  t o  form methyl indan was lower i n  t h e  n i t r o y e n  atmosphere. 
sugyests t h a t  mo lecu la r  hydroyen can p a r t i c i p a t e  i n  t h e  r e a c t i o n  mechanism f o r  
t e t r a l i n  i somer iza t ion .  However, t h i s  p a r t i c i p a t i o n  may be i n d i r e c t .  
atmosphere t h e  dehydrogenat ion r a t e  f o r  t e t r a l i n  should be lower than t h a t  i n  a 
n i t r o y e n  atmosphere. As a r e s u l t ,  more t e t r a l i n  should be a v a i l a b l e  f o r  
i s o m e r i z a t i o n .  
r e a c t  w i t h  t h e  molecu la r  hydroyen t o  produce hydroyen atoms, then these atoms c o u l d  
p a r t i c i p a t e  d i r e c t l y  i n  t h e  t e t r a l i n  i s o m e r i z a t i o n  r e a c t i o n s  (8,Y). 

an i n e r t  n i t r o g e n  r e a c t i o n  atmosphere (Tab le  2) .  The oppos i te  was t r u e  w i t h  a 
hydroyen atmosphere. 

The r e a c t i o n  o f  t e t r a l i n  i n  t h e  presence o f  bo th  d ibenzy l  and hydrogen was used 
as a b a s e l i n e  system f o r  comparison. 
dehydrogenat ion t h a t  occurred, when no hydroyen was i n i t i a l l y  present,  r e l a t i v e  t o  
t h a t  ob ta ined w i th  t h i s  b a s e l i n e  system was determined. The increase observed when 
no d ibenzy l  was present was a l s o  determined. These responses are  compared i n  Tab le  
3. Apparent ly t h e  inc rease i n  t h e  r a t e  o f  t e t r a l i n  dehydroyenation, i n  response t o  
t h e  absence o f  hydroyen, was much h igher  than it was i n  response t o  t h e  absence o f  
d i  benzyl  . 

When no hydroyen was present  t h e r e  was about an 8.4 wt.X decrease f rom t h e  
b a s e l i n e  value (19.9 wt .%)  i n  t h e  amount o f  t e t r a l i n  t h a t  i somer ized t o  fo r i 1  methyl  
indan (Table 4). S i m i l a r l y ,  when no d ibenzy l  was present ,  t h e  amount o f  t e t r a l i n  
conver ted  t o  methyl  indan decreased by about 12.0 wt .% below t h e  b a s e l i n e  value. 

a h i g h e r  hydrogen donor r e a c t i v i t y  than t h a t  o f  t e t r a l i n  (12). 
t h e  r e l a t i v e  r e a c t i v i t y  o f  t h e  t e t r a l i n  f o r  donat iny  hydroyen t o  t h e  benzyl  r a d i c a l s  
was made by de termin ing  t h e  decrease i n  t h e  e x t e n t  o f  t e t r a l i n  dehydroyenat ion t h a t  
occur red  i n  response t o  t h e  a d d i t i o n  o f  e i t h e r  q u i n o l i n e  o r  phenanthr id ine .  
i )u ino l ine  and phenanthr id ine  a r e  bas ic  n i t r o y e n - c o n t a i n i n g  aromat ic  compounds s i m i l a r  
t o  those found i n  c o a l - d e r i v e d  l i q u i d s .  These compounds have a r e l a t i v e l y  h i y h  
a d s o r p t i v i t y .  As a r e s u l t ,  these compounds adsorb p r e f e r e n t i a l l y  on to  t h e  c a t a l y s t  
sur face  and are hydroyenated i n  p re fe rence t o  compounds l i k e  naphthalene ( i  .e., t h e  
dehydrogenated t e t r a l i n  p r o d u c t )  which have a lower r e l a t i v e  a d s o r p t i v i t y  (13). 
hydroyenated produc ts  o f  these compounds (ey. THQ) a r e  e x c e l l e n t  hydrogen donors. 

The t h i r d  r e a c t i o n  parameter which was s t u d i e d  was t h e  a d d i t i o n  o f  yaseous 

1 

rehydroyenat ion" o f  dep le ted  hydrogen donor so lvent .  ! 

Two extremes o f  r e a c t o r  atmosphere were used: 

The r a t e  o f  i s o m e r i z a t i o n  o f  
T h i s  r e s u l t  

I n  a hydroyen 

A more d i r e c t  r o l e  o f  t h e  hydrogen cou ld  be t h a t  t h e  benzyl  r a d i c a l s  

! 

The r a t e  o f  t e t r a l i n  dehydrogenat ion was h i g h e r  than t h a t  o f  i s o m e r i z a t i o n  w i t h  

The increase i n  t h e  amount o f  t e t r a l i n  

A number o f  compounds such as t e t r a h y d r o q u i n o l i n e  (THU) have been shown t o  have 
A crude measure o f  

The 

85 



McNeil e t  a l .  (6)  measured the  response o f  t e t r a l i n  dehydroyenation and 
i somer i za t i on  i n  the  presence o f  d ibenzy l  t o  t h e  a d d i t i o n  o f  d i f f e r e n t  po l ynuc lea r  
aromat ic  compounds (e.g. phenanthrene, pyrene). 
response t o  occur  i n  t h e  t e t r a l i n  isomer izat ion.  
t h e  t e t r a l i n  dehydrogenat ion occurred i n  response t o  t h e  a d d i t i o n  o f  c e r t a i n  
aromat ics.  
observed t o  vary d i r e c t l y  w i t h  t h e  number o f  condensed r i n g s  i n  t h e  aromat ic  compound 
added. 

They observed an i n s i g n i f i c a n t  
However, a s i g n i f i c a n t  decrease i n  

I n  an e a r l i e r  work ( l l ) ,  t h i s  decrease i n  t e t r a l i n  dehydroyenation was 

The response o f  t e t r a l i n  i s o m e r i z a t i o n  t o  t h e  a d d i t i o n  o f  e i t h e r  qUinOl ine o r  
phenan th r id ine  i s  shown i n  F igu re  1. 
a s i g n i f i c a n t  i n f l u e n c e  on the  ex ten t  o f  t e t r a l i n  i s o m e r i z a t i o n  t h a t  occurred.  
However, as shown i n  F i g u r e  2, t h e  a d d i t i o n  o f  e i t h e r  q u i n o l i n e  o r  phenan th r id ine  
caused only  a s l i g h t  decrease i n  the  amount o f  t e t r a l i n  dehydroyenation (14.2 wt.% 
versus 6.6 and 1U.4 wt%).  The r e l a t i v e  i n s e n s i t i v i t y  o f  t he  t e t r a l i n  dehydrogenation 
t o  t h e  a d d i t i o n  o f  these bas i c  n i t r o y e n - c o n t a i n i n g  compounds i s  somewhat s u r p r i s i n g .  
E a r l i e r  i t  was shown t h a t  t he  presence o f  a c a t a l y s t  caused a s i g n i f i c a n t  i nc rease  i n  
t e t r a l i n  dehydroyenat ion (Table 1 ) .  
phenan th r id ine  on the c a t a l y s t  should i n h i b i t  dehydrogenation. It appears, however, 
t h a t  these compounds a c t  more t o  quench t h e  benzyl r a d i c a l s  and thereby i n h i b i t  
t e t r a l i n  i s o m e r i z a t i o n  w i t h o u t  s i y n i f i c a n t l y  i n h i b i t i n y  dehydrogenation o f  t h e  
t e t r a 1  i n .  

The presence o f  q u i n o l i n e  o r  phenan th r id ine  had 

P r e f e r e n t i a l  adso rp t i on  o f  t h e  q u i n o l i n e  o r  

I V .  SUMMARY OF RESULTS 

The p r i n c i p a l  p roduc ts  o f  t h e  h i g h  temperature, c a t a l y t i c  r e a c t i o n  o f  t e t r a l i n  
i n  t h e  presence of d ibenzy l  and yaseous hydrogen were found t o  be naphthalene and 
methyl indan. A small  amount o f  t rans -deca l i n  was observed t o  be formed. The 
i somer i za t i on  o f  t e t r a l i n  increased w i t h  t h e  a d d i t i o n  o f  d ibenzy l ,  a f r e e  r a d i c a l  
precursor .  The a d d i t i o n  o f  a p r e s u l f i d e d  CoMo/A1203 c a t a l y s t  had a smal l  e f f e c t  on 
t e t r a l i n  i s o m e r i z a t i o n  and dehydrogenation i n  t h e  presence o f  d ibenzy l .  However, i n  
t h e  absence o f  d ibenzy l ,  c a t a l y s t  a d d i t i o n  had a s i g n i f i c a n t  e f f e c t  on t e t r a l i n  
dehydrogenation. 

T e t r a l i n  dehydroyenat ion increased s i g n i f i c a n t l y  when an i n e r t  n i t r o y e n  
atmosphere r a t h e r  than a hydroyen atmosphere was used. 

T e t r a l i n  i s o m e r i z a t i o n  decreased s i y n i f i c a n t l y  w i t h  t h e  a d d i t i o n  of  e i t h e r  
q u i n o l i n e  o r  phenan th r id ine ;  whereas t e t r a l i n  dehydroyenation decreased o n l y  s l i y h t l y  
w i t h  the  a d d i t i o n  o f  e i t h e r  o f  these compounds. 

86 



References 
1. Yen, Y. K., F u r l a n i ,  D. E., and Wel ler ,  S. W., Ind. Eny. Prod. Res. k V . ,  - 15, 24 (1976). 
2. Hooper, R. J., Battaerd,  H. A., and Evans, D. G., E, 8, 132 (1979).  
3. Gal lokato,  S. V., "Ana lys is  o f  Mass T r a n s f e r  i n  Coal L i q u e f a c t i o n  

reactors,"  Ph.D. D i s s e r t a t i o n ,  Auburn U n i v e r s i t y ,  AL (March 1984). 
4. Cronauer, D. C., Jewel l ,  D. M., Shah, Y .  T., and Modi, K. J., Ind. Eny. 

Chem. Fund., 18, 153 (1979) .  
5. Cronauer, D. C., Jewe l l ,  0. M., Shah, Y. T., and Kueser, K. A., Ind. Eny. 

Chem. Fund., 11, 291 (1978). 
6. McNeil ,  R. I . ,  Cronauer, D. C., and Youny, D. C., E, 62, 401 (1983).  
7. Penninyer, J. M. and Slotboom, H. W., Rec. Trav. Chim. Pays-Bas, )2, 513 

( 1  973). 
8. Penninyer, J. M. and Slotboom, H. W . ,  Rec. Trav. Chim. Pays-Bas., 2, 1089 

(1973). 
9. Vernon, L. W., E, E, 102 (1980). 

10. Shah, Y. T. and Cronauer, D. C., Ca ta l .  Rev. - Sci .  Eny., 20, 209 (1979). 
11. Cronauer, D. C., McNeil, K. I . ,  Youny, D. C., and Ruberto. R. G., Fuel ,  61, 

610 (1982). 
12. C u r t i s ,  C. W., Guin, J. A., and Kwon, K. C., "Coal S o l v o l y s i s  i n  a S e r i e s  

o f  Model Compound Sy;tems," m, ( i n  press) .  
13. Shr idharani ,  K. G., M inera l  C a t a l y s i s  o f  O i l -Produc ing  React ions i n  Coal 

L iquefac t ion , "  Ph.0. D i s s e r t a t i o n ,  Auburn U n i v e r s i t y ,  Auburn, AI., March 17, 
1983. 

07 

J 



Table 1 

Response i n  Product  D i s t r i b u t i o n  t o  A d d i t i o n  o f  Uibenzy l ,  
w i t h  and w i thou t  C a t a l y s t  Present 

Product D i s t r i b u t i o n .  w t %  

I n i t i a l  C a t a l y s t  T e t r a l  i n  Naphthalene Methyl Benzene Toluene D i  benzyl 
D i  benzyl (ppm) Indan 

(WtX) 

-- -- -- 0 0 92.9 1.3 5.7 

0 1000 71.2 13.0 7.9 
20 0 56.9 6.6 16.4 0.6 11.4 8.0 

20 1000 54.3 9.8 15.9 0.6 10.4 8.8 
-- -- -- 

React ion M ix tu re :  5.0g d i  benzyl and t e t r a l i n  
Ca ta l ys t  Loadiny: 1000 y o f  t o t a l  metal i n  p r e s u l f i d e d  CoMo/A1203 per  106 y 

o f  t e t r a l i n .  

I n i t i a l  H2 Pressure = 800 p s i y  a t  25°C 
T i  me = 60 minutes 
A g i t a t i o n  Kate = 860 rpm 
Reactor  = Tubiny bomb M ic ro reac to r  

Reaction Cond i t i ons :  Temperature = 450OC 

-_--____--------- 
Table 2 

Comparison Between Product D i s t r i  b u t i o n  i n  a Hydroyen Atmosphere 
w i t h  That i n  a N i t royen  Atmosphere 

--*_)----_-=. 1-- --s-r-le--__Y__Y- -__rr__---- 

Product D i s t r i b u t i o n ,  Weight % 

Atmosphere T e t r a l  i n  Naphthalene Methyl Indan Benzene Toluene D i  benzyl 

H2 s4.3 9.8 15.9 0.6 10.4 8.8 
N2 47 .o 23.6 9.2 0.3 9.8 9.8 

Reac t ion  M ix tu re :  5.0 y 20 w t %  d ibenzy l  i n  t e t r a l i n  
1000 g metal i n  p r e s u l f i d e d  CoMo/A1203 c t a l y s t  per  106 
o f  t e t r a l i n  

React ion Cond i t i ons :  Temperature = 450°C 
I n i t i a l  Pressure = 800 p s i q  H2, o r  300 p s i s  N z ,  a t  25OC 
Time = 60 minutes 
A y i t a t i o n  Rate = 860 rpm 
Reactor  = Tubing Bomb M ic ro reac to r  
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Tab le  3 

Comparison Between the  Change i n  t h e  Weiyht Percent 
o f  the  T e t r a l i n  Dehydroyenated w i t h  No Uibenzyl  

Present and That w i t h  No Hydroyen Gas Present 
---------I r -XI r*- =--- -----*-_a__. 

Chanye from Base l ine  Cond i t ions*  Increase i n  Amount o f  T e t r a l i n  
Dehydroyenated ( A W t  .%) 

No Dibenzyl  Present 
No Hydroyen Present 

0.7 
17.5 

*Basel ine React ion Cond i t ions :  
React ion M i x t u r e :  5.09 o f  20 wt.% d ibenzy l  i n  t e t r a l i n  
C a t a l y s t  Loading: lU0U 9 o f  t o t a l  metal i n  p r e s u l f i d e d  CoMo/AlpOj p e r  

106 y o f  t e t r a l i n  

I n i t i a l  H2 Pressure = 800 p s i y  a t  25°C 
Time = bU minutes 
A g i t a t i o n  Hate = 860 rpm 
Reactor  = Tubing Bomb M i c r o r e a c t o r  

React ion Cond i t ions :  Temperature = 45UOC 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Tab le  4 

Comparison Between the  Chanye i n  t h e  Weiyht Percent 
o f  t h e  T e t r a l i n  Isomerized w i t h  No Dibenzyl  

Present and That w i t h  No Hydroyen tias Present 
-- -.--**=--=-* n---_m=---P_ -- ----------- 
Chanye from Base l ine  Cond i t ions*  Decrease i n  Amount o f  T e t r a l i n  

Isomerized (AWt.%) 

No Dibenzyl  Present 
No Hydroyen Present 

12.0 
8.4 

*Basel ine React ion Cond i t ions :  
React ion M i x t u r e :  5.0~ o f  2U wt.% d ibenzy l  i n  t e t r a l i n  
C a t a l y s t  Loadiny: lUUU y o f  t o t a l  metal  i n  p r e s u l f i d e d  CoMo/AlzUj p e r  

106 y o f  t e t r a l i n  

I n i t i a l  HZ Pressure = 800 p i g  a t  25OC 
Time = bU minutes 
A g i t a t i o n  Rate = 860 rpm 
Reactor = Tubiny nomb M i c r o r e a c t o r  

React ion Cond i t ions :  Temperature = 450OC 
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3 
and 

M l x t u r e  o f  Hydrogen  Donor  and H y d r o g e n  Donor  P r e c u r s o r  

R e a c t i o n  M i x t u r e :  2.0 g 5 0  *ut% d i b e n r y l  I n  t e t r a l i n  o r  1 1 1  w t .  
r a t i o  o f  t e t r a l l n  t o  q u i n o l i n e  o r  p h e n a n t h r l d l n e  
1000 g o f  Mo p e r  I O6 g o f  t e t r a l l n  and 

q u i n a l l n e  o r  p h e n a n t h r l d l n e  m i x t u r e  

Reaction Conditions: T a m p e r a t u r e  = 45O'Cr 
I n i t i a l  H, P r e s s u r e  = 800 p s l g  a t  2 5 O C  
T l m e  = 6 0  m i n u t e s  
A g i t a t i o n  R a t e  = 8 6 0  r p m  
R e a c t o r  = T u b i n g  Bomb M l c r o -  

r e a c t o r  

F i g u r e  I. Response  of T e t r a l l n  l s o m e r l z a t l o n  t o  t h e  a d d i t i o n  o f  e i t h e r  
Quinoline o r  P h e n a n t h r i d l n e  
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15 

I O  

5 

C 
P u r e  Q u i n o l i n e  and P h e n o n t h r i d i n e  a n d  
T e t r a l i n  T e t r a l l n  T e t r o l l n  

M i x t u r e  of H y d r o g e n  Donor  and H y d r o g e n  Donor  P r e c u r s o r  

R e a c t i o n  M i x t u r e :  2.0 g 50  w t %  d i b e n z y l  i n  t e t r o l i n  o r  I :  I w t .  
r a t i o  o f  t e t r a l i n  t o  q u i n o l i n e  o r  p h e n o n t h r i d i n e  
I O 0 0  g Ma p e r  I O6 g o f  t e t r a l i n  and q u i n o l i n e  

o r  o h e n o n t h r i d i n k  m i x t u r e  

Reaction Conditions; T e m p e r a t u r e  = 4 5 O O C  
I n i t i a l  H, P r e s s u r e  = 8 0 0  p s i g  a t  2 5 ° C  
Time = 6 0  m l n u t e s  
A g i t a t i o n  R a t e  = 8 6 0  r p m  
R e a c t o r  = T u b i n g  B o m b  M l c r o -  

r e a c t o r  

F i g u r e  2. Response o f  T e t r a l i n  D e h y d r o g e n a t i o n  t o  t h e  a d d i t i o n  o f  e i t h e r  
Q u i n o l i n e  o r  P h e n a n t h r i d i n e  

91 


